ferromagnetism as the major cause for the observed planar magnetoresistance and anomalous Hall effect. Our results might pave the way to engineer oxide interface states for the exploration of QAHE towards exotic quantum-physical phenomena and potential applications.
I. INTRODUCTION
The adding of quantum anomalous Hall effect (QAHE) to the Hall family has stimulated enormous interest in the field of condensed-matter physics and material science [1] [2] [3] . The experimental observation of QAHE without any magnetic field has been achieved in a magnetic topological insulator (TI) Cr-doped and V-doped (Bi,Sb)2Te3 thin films grown by molecular-beam epitaxy at low temperature [4] [5] [6] [7] [8] [9] . The QAHE states hold a variety of exotic quantum phenomena, including topological magnetoelectric effect [10] [11] [12] , magnetic monopoles [13] , chiral Majorana fermion modes [14] , etc. To fulfill these potentials towards technological applications, one of the major challenges is to increase the critical temperature of QAHE with quantized Hall resistance, which is still ~1 K to date [7, 15, 16] . For the purpose of robust and high-temperature QAHE, a large variety of material candidates has been proposed and/or experimentally studied, including np co-doped magnetic TIs [17] , magnetic proximitized TIs [18] [19] [20] [21] , graphene/ferromagnetic insulator heterostructures [22, 23] , oxide interfaces [24, 25] , as well as magnetic silicene and singlelayer tin [26] [27] [28] , etc. Among all these candidates, the oxide interface states in CdO/ferromagnetic insulator (FI) heterostructures are particularly interesting since the interface is protected by two oxide layers leading to the robustness of QAHE [24] . Both the topological properties and the proximity-effect-induced ferromagnetism give rise to the expected QAHE. Thus, the experimental exploration of the interface ferromagnetism and the electron-transport properties in CdO/FI heterostructures is emergent.
In this paper, we report the experimental observation of interface ferromagnetism and anomalous Hall effect (AHE) in the FI/CdO/FI trilayer heterostructures grown by oxide molecularbeam epitaxy. The FI layer is made of thin Fe3O4 film instead of EuO as proposed in previous theoretical work [24] , due to the extremely different oxygen partial pressures needed for the growth of CdO and EuO thin films [29, 30] . The interface ferromagnetism in the Fe3O4/CdO/Fe3O4 trilayer heterostructures is characterized via both the AHE and planar magnetoresistance (MR) measurements. Systematic studies of the CdO thickness dependence of AHE and planar MR reveal the most important role of interface ferromagnetism in the Fe3O4/CdO/Fe3O4 heterostructures.
Furthermore, the major cause for the observed anomalous Hall resistivity far from the quantized resistivity has been identified, namely the oxygen vacancies in the CdO layer, which contribute to the bulk conducting carriers. The observed interfacial ferromagnetism fulfills one of the prerequisites for realizing QAHE, while the topological properties need further studies. Our results could be important for engineering oxide interface states for the exploration of QAHE. Fig. S2 ) [31] . The electron-transport measurement is performed in a Physical Properties Measurement System (PPMS; Quantum Design).
II. EXPERIMENTAL

III. RESULTS and DISCUSSION
To probe the interface ferromagnetism of the FI/CdO/FI trilayer heterostructures predicted by To further probe the interface ferromagnetism of the Fe3O4/CdO (15-UC)/Fe3O4
heterostructures, we measure the planar magnetoresistance (MR) on the Hall bar device with the magnetic field in the sample's plane. As shown in Fig. 3(a) , the MR curves as a function of inplane magnetic field that is perpendicular to the current direction (blue curves) clearly exhibit two MR maxima with a MR ratio (Δρ/ρB=0) of 2.5×10 -4 at the in-plane coercive magnetic fields (Bpeak).
A hysteresis feature of the planar MR is observed, supporting the induced ferromagnetism at Fe3O4/CdO interfaces due to magnetic exchange interaction. As the in-plane magnetic field is swept parallel to the dc current, similar results (red curves) are observed. The comparable hysteretic MR maxima observed in these two measurement geometries could be associated with the extra scatterings for the conducting electrons in the presence of ferromagnetic domain walls around the in-plane coercive magnetic fields. These planar MR results are similar to previously reported magnetic TI induced by proximity effect with EuS, a ferromagnetic insulator [18] . The temperature dependence of the MR ratio ( Fig. 3(b) ) further rules out the origin of the observed AHE and MR due to any charges trapped in Fe3O4. If there are charges trapped in the Fe3O4 layer, the planar MR is expected to increase for increasing temperature since the conductance in Fe3O4 increases at elevated temperatures.
Next, we systematically vary the CdO layer thickness to study its effect on the interface ferromagnetism. Fig. 4(a) shows the temperature dependence of channel resistivity, and a semiconducting-behavior is observed for all these four samples (see Supplemental Material, Fig.   S4 for the Fe3O4/CdO (15-UC)/Fe3O4 sample) [31] . It is noted that the anomalous Hall resistivity measured in the Fe3O4/CdO/Fe3O4 heterostructures is several orders smaller compared to the QAHE with quantized resistivity [4] .
We believe that the major cause is the current shunting effect due to bulk conducting states in the CdO layer associated with oxygen vacancies [29, 33] . To minimize the population of oxygen vacancies, we have grown the samples by lowering the Cd evaporation rates in the same diluted ozone environment during the growth and post-annealing in oxygen environment after the growth.
The postannealing is performed at the temperature of 300°C to avoid the deformation of Fe3O4 to Fe2O3. Despite intensive effort, only a slight increase of the anomalous Hall resistivity is observed with a slight decrease of the carrier density (Supplemental Material, Fig. S7 ) [31] . This result could be associated with the easy formation of oxygen vacancies in CdO thin films, as reported in previous studies [29, 33] . Nevertheless, the observation of AHE and planar MR in Fe3O4/CdO/Fe3O4 heterostructures identifies the interface ferromagnetism, which is the first major step to explore oxide interface for robust high-temperature QAHE. Using advanced growth techniques, i.e., oxide molecular-beam epitaxy with a pure ozone source (O3:100%) [34] , oxygenvacancy-free CdO thin films could be achieved towards robust high-temperature QAHE.
VI. CONCLUSION
In summary, we have grown the Fe3O4/CdO/Fe3O4 heterostructures via oxide molecular beam epitaxy and observed the interface ferromagnetism and anomalous Hall effect on the Fe3O4/CdO/Fe3O4 heterostructures. The observed interfacial ferromagnetism is a major step to explore oxide interface for robust high-temperature QAHE, while the topological properties need further studies. One major obstacle to identify the topological properties is related to the bulk conduction arising from the oxygen vacancies in CdO layer. Continuously improving the quality of CdO layer to achieve oxygen-vacancy-free CdO thin films could pave the way to experimentally probe the expected topological properties predicted by Zhang et al. [24] . Our experimental results could pave the way for engineering oxide interface states for the exploration of QAHE towards exotic quantum-physical phenomena and potential applications. heterostructures. The estimation of the strains is obtained based on the line cuts of RHEED intensities ( Fig. S1 ) and using the lattice constant of MgO substrate (a = 0.4212 nm) as a reference. showed in the main paper ( Fig. 2(b) ). The carrier density is only slightly reduced (~ 7%).
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